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REVERSAL OF DIABETES IN NOD MICE WITH A COMBINATION OF 
INGAP PEPTIDE AND SIROUMUS/TACROLIMUS 

BACKGRQUMP np T HE INVEMTIQM 

5 fa) Field of the Inventinf^ 

This Invention relates to d method to stimulate reversal of a 
diabetic state in a patient; a method to prevent autoimmune destnjctlon of 
new insulin-producing ceils (pancreatic betaH:ells) in a patient; a method to 
piomot© survival of the newly regenerated insulin-produclng cells 
10 (pancreatic beta-cells): and an to Mft«) method fbr the induction of islet cell 
neogenesis and new islet fomiafion and the prevention of autoimmune 
destruction of said new cells. 

(b> Description of Pn'nr/if^ 

Diabetes 

Diabetes mellitus has been ciassifted as type i. or insulin- 
dependent diabetes mellitus (IDDM) and type II, or nonHnsulin-dependent 
diabetes mellitus (NIDDM). NIDDM patients have been subdivided further 
into (a) nonobese (possibly IDDIW in evolution), (b) obese, and (c) maturity 
onset (In young patients). Among the populateon with diabetes mellitus 
about 20% suffer from IDDM. Diabetes develops either when a diminished 
insulin output occurs or when a diminished sensitivity to insuUn cannot be 
compensated fbr by an augmented capacity fbr insulin secretion. In 
patients wrth IDDM, a decrease in insujin secretion is the prfncipal fector in 
the pathogenesis, whereas in patients with NIDDM. a decrease in insulin 
sensitivity is the primary factor. The mainstay of diabetes treatment, 
especially fbr type I disease, has been the administration of exogenous 
insui'm. 

Rationale for more physiologic therapies 

Tight glucose control appears to be the key to the prevention of 
^e secondary complications of diabetes. The results of the Diabetes 
Complications and Control Trial (DCCT). a muMcenter randomized trial of 
1441 pabents with insul/n dependent diabetes, indicated that the onset and 
progression of diabetic retinopathy, nephropathy, and neuropathy could be 
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slowed by Intensive Insulin therapy (The Diabetes ControJ and 
CompHcaHon Trial Research Group. Engl. J. Med.. 1993; 29:977-986). 
Strict glucose oontiol. however, was associated with a three-fold Increase 
In Incidence of severe hypoglycemia, including episodes of seizure and 
5 coma. As well, although glycosylated hemoglobin levels decreased In the 
treatment group, only 5% maintained an average level below 6.05% 
despite the enormous amount of effort and resources allocated to the 
support of patients on the intensive regime (The Diabetes Control and 
Complication Trial Research Gnsup, W. EngL J, Afed., 1993: 29:977-986). 
10 The results of the DCCT dearly indicated that intensive controi of glucose 
can significantly reduce (but not completely protect against) the long-term 
microvascular complications of diabetes meliitus. 

Other therapeutic opUons 

. 15 The delivery of insulin in a physiologic manner has been an 

elusive goal since insulin was first purified by Banting, Best, IWcLeod and 
CoUip. Even In a patient with tight glucose control, however, exogenous 
insulin has not been able to achieve the glucose metabolism of an 
endogenous Insulin source that responds to nK>ment4o-moment changes 

20 In glucose concentration and therefore protects against Uie development of 
microvascular complications over the long tenm. 

A major goal of diabetes research, therefore, has been the 
development of new forms of treatment that endeavor to reproduce more 
closely the normal physiologic state. One such approach, a ciosed-ioop 

25 insulin pump coupled to a glucose sensor, irtimiclung p-cell function In 
which the secretion of insulin is closely regulated, has not yet been 
successful. Only total endocrine replacement therapy in the form of a 
transplant has proven effective In the treatment of diabetes mellrtus. 
Although transplants of insulin-producing tissue are a logical advance over 

30 subcutaneous insulin Injections, ft is still far from dear whether the risks of 
the intervention and of the associated long-term immunosuppressive 
treatment are fower those in diabetic patients under conventional 
treatment 

Despite the eariy evidence of the potential benefits of 
35 vascularized pancreas transplantation, it remains a complex surgical 
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intervention, requiring the tong-term administration of chronfc immunosup- 
pression with its attendant side efTeOs. Moreover, almost 50% of 
sucoessfuHy transplanted patients exhfbft impaired tolerance ounces 
(Wright FH el a!.. Arch. Surg., 1989:124:796-799; Landgraft R et al.. 
5 Diabeiologia 1991; 34 (suppi 1):S61; Morel P et a!., transplantation 1991; 
51:990-1000), raising questions about their protection against the long- 
term complications of chronic hyperglycemia. 

The major complications of whole pancreas transplantation, as 
well as the requirement for long term immunosuppression, has limited its 

10 vWder application and provided impetus for the development of Islet 
transplantation. Theoretically, the transplantation of islete alone, while 
enabling tight glycemlc control, has several potential advantages over 
whole pancreas transplantation. These include the foitowing: (j) minimal 
surgical morbidity, with the Infyslon of islets directly into «ie liver via the 

IS portal vein; (ii) the possibility of simple re-transplantation for graft failures; 
(ill) the exclusion of complications associated with the exocrine pancreas; 
(Iv) the possibility that islets are less immunogenic, eliminating the need 
for immunosuppression and enabling eariy transplantatton Into non-uremio 
diabetics; (v) the possibility of modifying islets In vitro prior to 

20 transplantation to reduce their immunogenicity; (vi) the abUify to 
encapsulate islets in artificial membranes to Isolate them from the host 
immune system; and (vli) the related possibility of using 
)tenotransplantation of Islets immunoisolated as part of a biohybrid system. 
Moreover, they permit the banking of the endocrine cryopreserved tissue 

25 and a careful and standardized* qua% control program before the 
implantation. 

The problem of islet transplantation 

Adequate numbers of Isogenetto islets transplanted Into a reliable 

30 implantation site can only reverse the metabolic abnonnalittes In diabetic 
recipients in the short term. In those that were normoglycemic post- 
transplant, hyperglycemia recurred within 3-12 mo. (Orloff M, et. al., 
Transplantation 1988; 45:307). The return of the diabetic state that occurs 
with time has been attributed either to the ectopic location of the islets, to a 

35 disruption of the enteroinsular axis, or to the transplan^tlon of an 
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inadequate Islet cell mass (Bretzel RG, et al. In: Bretzef RG, (ed) Diabetes 
mellitus (Berlin: Springer, 1990) p.229). 

Studies of the long term natural history of the islet transplant, that 
examine parameters other than graft function, are few in number. Only one 
5 report was found in which an attempt was specifically made to study graft 
morphology (Alejandro R, et al,. J Clin Invest 1986; 78: 1339). In that 
jstudy. purified islets were transplanted into the canine liver via the portal 
vein. During prolonged follow-up, delayed failures of graft function 
occurred. Unfortunately, the graft was only examined at the end of the 
10 study, and not over time as function declined. Delayed graft failures have 
also been confirmed by other Investigators for dogs (Wamock GL et. al., 
Can, J. Surg., 1988; 31: 421 and primates (Sutton R, et. al.. Tnin$plant 
Proa, 1987; 19: 3525). Most Allures are presumed to be the result of 
rejection despite appropriate Immunosuppression. 

15 Because of these failures, there is cunnently much enthusiasm for 

the immunoisolatton of islets, which could eliminate the need for 
immunosuppression. The reasons are compelling, immunosuppression Is 
harmful to the recipient, and may impair islet function and possibly cell 
survival (Metrakos P. et al„ j, Surg. Res., 1993; 54: 376). Unfortunately, 

20 microencapsulated islets injected into the peritoneal cavity of the dog fail 
within 6 months (Soon-Shiong P. et. al.» Tmnsplaniaffon 1992; 54: 769). 
and islets placed Into a vascularized biohybrid pancreas also fall, but at 
about one year. In each Instance, however, histolcgical evaluation of the 
graft has indicated a substantial loss of islet mass in these devices (Lanza 

25 RP, et. al., Diabetes 1992; 41: 1503). No reasons have been advanced for 
tfiese changes. Therefore maintenance of an effective islet cell mass post* 
transplantation remains a significant problem. 

In addition to tt)i$ unresolved Issue, is the ongoing problem of tiie 
lack of source tissue for transplantation. The number of human donors is 
30 insufficient to keep up with the potential number of recipients. Moreover, 
given the current state of the art of islet isolation, the number of Islets that 
can be isolated from one pancreas is far from the number required to 
efTectively reverse hyperglycemia tn a human redpient 
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In response, three competing technologies have been proposed 
and are under devetopmrat Rrst islet cryopreservation and islet banking. 
The techniques involved, though, are expensive and cumbersome, and do 
not easily lend themselves to widespread adoption. In addition, islet ceii 
5 mass is also lost during the freeze-thaw cycle. Therefore this is a poor 
(ong-term solution to the problem of insuffrcient islet cell mass. Second, is 
the development of islet xenotransplantation. This idea has been coupled 
to islet encapsuiatton technology to produce a biohybrid implant that does 
not at least in theory, require immunosuppression. There remain many 

10 problems to solve with this approach, not least of which, is that the problem 
of the maintenance of islet ceil mass In the post-transplant still remains. 
Third, is the lesort to human fetal tissue, which should have a great 
capaci^ to be expanded ex wo and then transplanted. However, in 
addition to the problems of limited tissue availability, inununogenicily. there 

1 5 are complex ethical issues surrounding the use of such a tissue source that 
will not soon be resolved. However^ there is an alternative that offers 
simitar possibilities for near unlimited cell mass expansion. 

An entirely novel approach, proposed by Rosenberg in 1995 
(Rosenberg L et aL. Celt Tfansplanteaon, 1995; 4:371-384). was the 

20 development of technology to control and modulate islet cell neogenesis 
and new islet formation, both In vitro and in vivo. The concept assumed that 
(a) the induction of islet cell dffferentiatfon was In fact controllable; (b) 
implied the persistence of a stem cell-like cell in the adult pancreas; and (c) 
tfiat the sfgnal(s) thdt would drive the whole process could be identified and 

25 manipulated. 

In a series of in vivo studfes. Rosenberg and co-workers * 
established that these concepts were valid in principle, in the in vA^o setting 
(Rosenberg L et al,, Diabetes. 1988; 37:334-341; Rosenberg L et al, 
Diabetologia, 1996; 39:256-262), end that diabetes could be reversed, 

30 The well known teachings of in vitro islet cell expansion from a 

non-fetal tissue source comes from Peck and co-workers (Comeliu J6 et 
al.. Horm. i\4etab. Res.. 1997; 29:271-277). who describe isolation of a 
pluripotent stem cell from the adult mouse pancreas that can be directed 
toward an insulin-producing cell. These findings have not been widely 
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accepted. First, the result has not proven to be reproducible. Second, the 
so-called pluripotential cells have never been adequately characterized 
with respect to phenotype. And third, the cells have certainly not been 
shown to be pluripotent. 

5 More recently two other competing technologies have been 

proposed the use of engineered pancreatic p-cell lines (Efrat S, /Advanced 
Drug Delhreiy Reviews. 1998; 33:45-52), and the use of pluripotent 
embryonal stem cells (ShamWott MJ et aL, Proc, Natl. Acad. Sch USA, 
1998; 95:13726-13731). The fomier option, while attractive, is associated 

10 with significant problems. Not only must the engineered cell be able to 
produce insulin, but it must respond In a physiologic manner to the 
prevailing level of glucose- and the glucose sensing mechanism is far from 
being understood well enough to engineer It into a cell. Many proposed ce« 
lines are also transformed lines, and therefore have a neoplastic potential. 

15 With respect to the latter option, having an embryonal stem cell in hand is 
appealing because of the theoretical possibility of being able to Induce 
differentiation in any direction, including toward the pancreatic p-cell. 
However, the signals necessary to achieve this milestone remain unknown. 

Islet neogenesis associated protein (INGAP) is a mediator of in 
20 Wi^o islet cell neogenesis from pancreatic duct epithelial cells In several 
species* 

It would be highly desirable to be provided witli a method for the 
in vivo induction of re-growth of new insulin-producing cells leading to the 
fomiation of mature islets of Langerhans using INGAP peptide (the 

25 biologically active portion of the INGAP molecule), as a means of severing 
an established diabetic state. Moreover, if such a diabetic was caused by 
pre-existing or ongoing autoimmunity, it would also be highly desirable to 
be provided with a method for the mitigation of such autoimmunity so that 
the aforementioned newly re^rown cells will not be subjected to ongoing or 

30 renewed destruction. 
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SUMMAR Y OP THE IMVEMT^ 9^ 

One aim of the invention is to provfde a method to stimulate 
reversal of a diatwtic state in a patient. 

Another aim of the invention is to provide a method to prevent 
autoimmune destruction of new insulin-produdng cells (pancreatic beta- 
ceils) in a patfenL 

Another aim of the invention is l» provide a method to promote 
suivival of the newly regenerated insulin-producing cells (pancreatic beta- 
cells). 

Another aim of the invention is to provide an in vivo method for 
the induction of islet cell neogenesis arid new islet fon«ation and the 
prevention of autoimmune desfructton of the new ceils. 

In accordance with the present invention there is provided a 
method to stimulate reversal of a diabetic state in a paUeht, which 
comprises in vivo inducing re-growth of new insulin-producing cells 
(pancreatic beta-cells) by administering a therapeutically effective amount 
of INGAP peptide to the patient, wherein fomiation of mature islets of 
Ungerhans is Indicative of a stimulated reversal of a diabetic state. 

In accordance with the present Invention there is provided a 
method to prevent autoimmune destruction of new insulin-producing ceils 
(pancreatic beta-cells) in a patient, which comprises administering to the 
patient a therapeutically effective amount of at least one 
immunosuppressive agent 

In accordance with the present invention there is provided a 
method to promote survival of the newly regenerated insulin-producing 
cells (pancreatic beta-oeHs). which comprises administering a pro-sun/ival 
agent in a therapeutically effective amount to a patient 

in accordance with the present invention there is provided an in 
v,vo method for the induction of islet cell neogenesis and new islet 
formation and the prevention of. autoimmune destnjction of the new cells 
which comprises the steps of: 

a) administering IN6AP peptide to the patient in an amount 
sufficient to stimulate transformation of putative islet cell 
stem/progenitor cells in adult pancroas Into islet hornione- 
producing ceils (including but not limited to beta-oeQs) under 
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normal endogenous homeostatic oontrol mechanisms, 
whereby ceils expand in number and develop a mature 
glucose-sensing mechanism in a regulated manner, 

b) concurrently administering to the patient at feast one 
6 immunosuppressive agent in an amount sufficient to protect 

the islet ceils from immune destruction; and 

c) concurrently administering a pro-survival agent to the patient 
during islet cell neogenesis and new islet formation. 

The immunosuppressive agent includes, without limitation, 
10 strolimus, tacrolimus» or a combina^on thereof 

The pro-survival agent includes, without limitation, insulin. IGF-I. 
IGF-ll, and NGF. 

The term "INGAP peptide* is Intended to mean the fragment of 
native Islet Neogenesis Associated Protein (INGAP) protein whfch contains 
15 the biological activity of the full length molecule, Induding but not limited to. 
a biologically active fragment of 

Met Pro Met Thr teu Cya Arg Met Sex Trp Met L&u Leu Ser Cys 
1 5 . lo IS 

20 Leu Met Phe Leu Ser Trp Val Olu Gly Glu Glvi Ser Gin Lys Lys Leu 
20 35 30 



25 



Pro Ser Ser Arg lie Thr eye Pro Gin Gly Ser Val Ala Tyr Gly Ser 
35 40 45 

I Tyr cys lyr Ser Leu IXe Leu He Pro Gin Ttor Trp Ser Asa Ala Glu 

■ SO 5S 60 

i Leu ser cys Gin Met His Phe ser Gly His Leu Ala Phe Leu Leu Ser 

30 eS 70 75 60 

Thr Gly Glu He Ttur Phe Ser Ser Leu val Lys Asn Ser Leu Thr 
85 90 95 

35 Ala Tyr Gin Tyr He Trp He Gly Leu His Asp pro Ser His Gly Thr 
100 105 110 



40 



Leu Pro Asn Oly Ser Gly Trp Lys Trp Ser Ser Ser Asn Val Leu TUr 

115 120 125 

Phe Tyr Asn Trp Glu Arg Asn Pro Ser He Ala Ala Asp Ara Gly Tyr 
130 135 140 

Cys Ala Val Leu ser Gin Lys Ser Gly Phe Gin Lys Trp Am Aep Phe 
^5 150 155 a ^ 

Asn cys Glu Asa Glu Leu pro xyr He Cye Lye phe Lys Val 
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1«S 170 

(SEQ ID NO:1), 

a fragment of IS aiYiino adds of the sequence SEQ ID NO: 1, more 
precisely, such an INGAP peptide is of the following amino acid sequence: 
5 Gly Leu His Asp Pro Ser His Gly Thr Uu Pro Asn Gly Ser Gly (SEQ ID 
NO:2). 

The temn "Islets of Ungerhans" is intended to mean Islet cells 
artd associated ceils, such as duct cells, of any origin, such as human, 
pofdne. canine and murine, among others. 
10 The temn "neogenesis'' is intended to mean the regeneration or 

de novo growtti of cells. 

Except as othenvise expressly defined herein, the abbreviations 
used herein for designating the amino acids and the protective groups are 
based on recommendations of the lUPAC-lUB Commission on Biochemical 
15 Nomenclature {Bioohemisby. 1972. 11:1726-1732). 

BRIEF DESC RIPTION OP THE DRAWINGS 

Fig. 1 illustrates the Increase in pancreatic frjsulin content and 
tiie reduction in the prevailing level of blood glucose resulting from the 
20 concurrent administration of INGAP peptide and sirollmus/tacrollmus and 
msuiin in NOD mice. 

Fig. 2 illustrates the survival of NOD mice treated with a 
combination of INGAP peptide, sirolimus/tacrolimus and insulin versus 
animals treated with sirolimus/teicrolimus alone or drug vehicle alone 

25 

DETAILED PESCBIP TION OF THg INVENTiON 

In accortianoe with the present invention, there is provided a 

method for the induction of In vivo islet cell neogenesis and new felet 

formation from cells derived from islet cell stem/progenitor cells in the adult 
30 pancreas, assodated with the self-regulated expansion of such cells and 

the development of a mature glucose-sensing mechanism, leading to the 

reversal of an established diabetic state. 

In aeeorvlance with one embodiment of the present invenfion, the 

technology rs based on the understanding of autoimmune diabetes being a 
35 disease state characterized by a loss of an insulin-^srodudng cell mass as 

a result of a pre^stlng or ongoing autoimmune destruction of such cells, 
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fejcojparaflng the foUowing components that are necessaor and sufficient 
fbr the successful reversal of a diabetic state by the induSon^ 3,^^ 
neogenesis and new fstet formation: 

1. a stimulus for the Induction of islet cell neogenesis and new 
islet fbrniation from preexisting pancreatic stem/progenitor 
cefls. provided by. but not limited to INGAP peptide- 
^ provision of an Immune tolerant environment to prevent 
ongoing or recurrent destnictlon of the newly legeneraled 
ceils provided by. but not limited to. a combination of 
sirollmus/tacroiimus; 

3. a pro^n/ival and antl-apoptosis factor. Including but not 
limited to Insulin. 



16 



35 



tr*»»tm«.*^^ "^^ ^ Pio-neogenesis is a critical part of the 

treatment, because without it. there is no sHmulus to iidoce the 
LTr^rir ^^"^"^ «tem/progenitor cells to new homione-produdng 
r ^" endogenous stimulus but ft 

may be ineffectual In tem« of ovencoming a much more effective ongoing 
cell destruction process. Hence It Is the balance of neoger«sis verJ 
destruction that may be important, 
20 Autoimmune diabetes, by definition, occurs through the 

autOMnmune destruction of insulin-producing pancreatic beta-cells. In order 
to mrtrgate the ongoing or renewed destruction of such cells after the 
.duc^on Of isret cell neogenesis. the local immune environ^^^m 2e 

Jlun. '^""^^ autoimmune Insult. Thus 

-i.munosuppress.ve agents, that include, but are not limited to a 
combination of slroBmusftacrolimus, are requli^d. 

H^»h - y^"^^ are known to be quite sensitive pro- 

dea«, senate .ncludmg. but not limited to high tevels of droulatlng glucose. 
Thus pro-suivval factors and In particular factors that can mitigate high 
«rculating glucose Including, but not Bmited to In^lln. are 
important to support and sustain cell survlval. 

fh^o* . f^"^ ^ *® noegenesis and new islet 

fonnabon leading to the reversal of diabetes Includes: (1 ) an Increase m the 

Z rZ H *'^"^^^«°" ^^^o*- P^Jx-l In putative Islet cell progenitor 
cells. (2) and increase in pancreatic Insulin content; (3) an Increase in beta. 
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ceB mass: (5) a decrease In the prevaHfng level of blood glucose; (6) an 
increase in survived. 

While the Invention has been described in connection wNh 
specific embodiments thereof, it will be understood that it is capable of 
turther modifications and this application is intended to cover any varia- 
tlons, uses, or adaptations of the invention following, in general the 
principles of the ImertSon and including such departures from the present 
disclosure as come within known or custontary practice within the art to 
which the invention pertains and as may be applied to the essential 
features hereinbefore set forth, and as follows in the scope of the 
attended daims. 
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WHATISCiAltepn«. 

1. A method to sflmulate revefsal of a diabetie state in a patient, 
which comprises in vivo inducing re^rowth of new insulin-produciiig celts 
(pancreatic beta-ceBs) by administering a therapeutically effective amount 
of INGAP peptide to said patient, wherein formation of mature islets of 
Langerhans is indicative of a stimulated reversal of a diabetic state. 

2. A method to prevent autoimmune destruction of new insulm- 
producing celts (pancreatic beta-cells) in a patient, which comprises 
administering to said patient a therapeutically effective amount of at least 
one immunosuppressive agent. 

3. The method of daim 2. wherein said immunosuppressive agent 
IS selected from the group oonsistng of sirolimus. tacrolimus, and a 
combination thereof. 

4. A method to promote survival of the newfy regenerated insulin- 
producing cens (pancreatic beta^Hs), which comprises adminidiering a 
pro-sunrfval agent in a therapeutically effective amount to a patient. 

5. The method of claim 4, wherein said pro-survival agent is 
selected ftom the group consisting of insulin. IGF-I. IGF-ll. and NGF. 

e. An in Vivo method for the induction of islet cell neogenesis and 

new islet fomiation and the prevention of autoimmune destruction of said 
new cells, which comprises the steps of: 

d) admintstering INGAP peptide to said patient in an amount 
sufficient to sfimtdate transltonnatton of putative islet cell 
stem/progenitor cells in adult pancreas into istet hormone- 
producing cells (including but not limited to beta-cells) under 
normal endogenous homeostatic control mechanisms, 
whereby cells expand in number and develop a mature 
glucose-sensing mechanism in a regulated manner; 
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e) concurrently administerir^ to sahl patient at least one 
immunosuppressive agent in an amount sufficient to protect 
said islet cells from immune destnjction; and 

f) concurrently administering a pro^urvlval agent to said patient 
during islet cell neogenesis and new islet fomiation. 

7. The method of dalm 6. wherein said Immunosuppressive agent 
is selected from the group consisting of sirollmus, tacrolimus, and a 
combination thereof. 

8. The method of claim 6; wherein said pro-survival agent is 
selected fiom the group consisting of insulin. IGF-I, IGF-II. and NGF. 
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ABSTRACr O F THE IMV^ffTIOM 

The present Invention relates to a method to sUmulate reversal of 
a diabetic state in a patient; a method to prevent autoimmune destruction of 
new insuiin-producing cells (pancreatic beta-cells) in a patient; a method to 
promote survival of the newly regenerated insulin-producing cells 
(pancreatic beta-cells); and an in vivo method for the inducUon of islet cell 
neogenesis and new Islet fonnation and the prevention of autoimmune 
destruction of said new cells. 




HyperglycemSa is Reduced and Pancreatic Insulin 

Contesri iis iracseased in Diabetic NOD Mice 
Treated with sslet f^Jeogenesis- Associated Protein 
(INGAS^) and Smmunosuppressiors (Siro /Tacro) 
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